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Skeletal trauma often reflects severe physical@bighen discussing fractures, as with
much of physical abuse, it is important to payrdtte to a child’s age and
developmental ability. Fractures from the birtbqass have special significance that
must not be missed. Fractures during early infamtyen children are non-ambulatory,
are the most concerning for abuse. As the chiletldgs size, motor abilities, and speed,
the frequency of non-inflicted fracture increased the difficulty of discriminating
accident from abuse becomes more difficult.

An additional difficulty, is that the CHAMP physan may not care for skeletal trauma in
their primary medical practice. Fractures aredfrgliagnosed by radiologists and
treated by emergency departments and orthopedijesns. Other physician’s
experience with fracture may be limited. Muchade learned, but the CHAMP
physician can bring a unique thought process ailidssk to the table, which adds greatly
to the abilities of the other specialties. Itngortant not to lose sight of your value in
this unfamiliar territory.

A. History:

The injury event history has particular importamdeen assessing fractures. Because of
this we will re-iterate several points made earligis important to determine whether
the history provided is a report of a directly veitised event, a report inferred from
indirect evidence, or a second hand report of argibrson’s observations. With this in
mind, the actual observations, not the inferenaethe historian must be gathered. If no
trauma is reported, a suitable period of time pragpresentation must be reviewed. Give
the historian an opportunity to identify overlookeguma, or to specifically deny that
trauma has occurred. A general question aboutni@ashould be used for this. Offering
plausible histories to be rejected piecemeal ippnapriate. When a trauma event is
reported, it must be reviewed in detail. The posiand actions of the child, and other
involved person’s before the trauma event mustdseribed. The trauma event should
include body positions; contact with surfaces, otsi@nd other persons; sounds heard;
the child’s response; how the child fell, and timalf position of the child. At best, the
CHAMP physician should have a movie like feel fdratitranspired during the event.
For indirectly observed events, what was heard se&nown prior to the trauma event;
any distant or indirect observations, such as setmedrd during the trauma event; and
the next direct observation of the child, includamotional response, location, position,
verbalizations, symptoms and signs; help creaiengression of what might have
happened.

The complete past medical and family history isetak The family history must probe for
evidence of brittle bone diseases. It is not ehdogsk if someone in the family has
brittle bones or osteogenesis imperfecta. The CIRAMysician should identify how
many fractures each biological parent and sibliagl fad, and how those fractures were
sustained. Dental conditions and hearing loskerparents should be evaluated. Look at
the parents’ sclerae, and ask about unusuallyduleeae in their childhood. Evaluate
their height relative to population norms and tti@mily trend. Then ask about relatives
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suffering unusually short stature, blue scleradtipie ill explained fractures, dental
fragility, and early adult hearing loss.

Osteogenesis imperfecta is not the only conditemustg fragile bones. Premature birth,
particularly when accompanied by parenteral notmitisteroid use, diuretic use, and
bronchopulmonary dysplacia, may cause fragile bo@ser-reliance on human milk,
when combined with dark skin, limited sun exposare] lack of vitamin D
supplementation can result in rickets. Renal disgeertain immunosuppressive drugs,
chronic medical conditions, and prolonged immogpitian each contribute to skeletal
fragility. These possibilities must be probedhe medical history.

B. Physical Examination:

The physical examination is once again a comphedéiation, not problem focused.
Bruising may be sought at the fracture site, bi# far from unusual to see no evidence
of overlying cutaneous trauma. Of course othedewe of injury will be sought.
Specific observations related to osteogenesis if@ag@rare short stature, flat posterior
skull with frontal bossing, blue sclerae, and bowgttemities. Unusual skin is also
germane both for osteogenesis imperfecta, andttar&Danlos syndrome.

Radiological evaluation of the skeleton is suréottmw, but direct examination, by
observation and palpation will clarify if the chilttmonstrates pain or tenderness,
whether swelling, erythema or deformity is apparantl whether crepitance or other
audible evidence of injury is apparent.

C. Imaging and Laboratory Investigation:

Every child under age two will need to be evaluat#th a skeletal X-ray survey.
Children under five may benefit from a skeletal&+survey, when the index injury is
itself skeletal, though the return is less. A skadlX-ray survey is a series of films
specifically chosen, aligned and exposed to vidwhalbones of the body. Twenty one
films are recommended in the initial series, asdidelow.

AP and lateral skull

Lateral C-spine

AP, lateral and bilateral oblique ribs
Lateral LS-spine

AP abdomen and pelvis

AP humerus right and left

AP radius and ulna right and left
AP femur right and left

AP tibia and fibula right and left
Oblique hands right and left

AP feet right and left

In many institutions it may be necessary to ortlese films individually, as simply
ordering a skeletal X-ray survey will result intzabygram” with the whole child, or
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large segments of the child, exposed on a single plA babygram is NOT adequate to
rule out possible trauma.

In addition to identifying the presence, and natfrthe index and other occult injuries,
X-ray provides some evidence of the age of eaahrynjThe absence of visible healing
in ribs and long bones suggests that less thare& teeten days has transpired since
injury. Beyond that, cues to fracture age exist,rieed significant experience to
interpret. In general, broad ranges, rather tip@cific dates should be expected. The
presence of fractures in multiple states of healwlicates multiple events; a single
episode of non-inlicted trauma is an unlikely cause

Given the limited ability to precisely age a fraeuit is generally very difficult to
pinpoint a narrow window of time. Thus, dependamgwho had access to the child
during that period, the age of each fracture iskehl to specifically identify an assailant.

Additional imaging is often necessary. Nuclear ti@eé bone scans have been
recommended as more sensitive to rib fracture.oktmhately this enhanced sensitivity
comes with limited ability to detect skull fractuaad difficulties in evaluating
metaphyses of long bones. Combining a nuclearcimedscan with a skeletal X-ray
survey will increase sensitivity, and is one wagtaluate a child more thoroughly when
time is of the essence. If two weeks is availdbtesvaluation, however, an alternative
has some benefits. Repeating a limited skeletayXsurvey in two weeks adds
significantly to the sensitivity and specificity thfe evaluation. The skull films may be
eliminated, and sometimes the series can be lingtéolur views of the ribs, and single
views of the shoulders, elbows, wrists, hips, kreees ankles, evaluating the metaphyses
of the long bones. Any questionable areas fronfiteesurvey should be re-examined.

Routine laboratory tests are not generally recontieéno evaluate skeletal fragility.
Where renal, hepatic, or endocrine function, orihahal sufficiency are questioned,
they may be evaluated. BUN, creatinine, calciuhmgphorus, parathyroid hormone, 25
and 1-25 hydroxy vitamin D levels, may each coniiétto the evaluation. The skeletal
X-ray survey may also contribute to evaluatingffagile bones. Poor apparent mineral
density, thin cortices, and the presence of exsessiian bones of the skull, may
contribute to concerns. The absence of concerskeletal survey, however, does not
eliminate the possibility of skeletal fragility. nfbrtunately DEXA and other radiological
bone mineral studies are not yet highly reliabléhim evaluation of infants.

Where the only basis for abuse concerns is fractnder questionable circumstances,
there is some new evidence to suggest that labgregsting for osteogenesis imperfecta
will detect some Ol misdiagnosed as abuse, evem Wiege is limited clinical suspicion.
This is a new concept, and not universally pradtick seems as if skin biopsy and
phenotypic testing of collagen secreting cellheslest first test, though some opt for
gene sequence testing since it may be performedbdmod sample. These tests are
expensive, and take significant time, so last naneasting before a court appearance
must be avoided. Finally, a negative test doepadectly exclude Ol, though it is able
to detect about 90% of cases.
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D. Assessment and Diagnosis:

Evaluating fractures requires specific knowledgéhefepidemiology of fractures, a
biomechanical understanding of how they occur,resicteration of the history, and of
course knowledge of other injuries that may begmes the child. As with other abuse
injuries, the crux of the matter involves evalugtwhether the history reasonably
explains the physical findings. The presence dtipie unexplained injuries in a child,
for example, raises significant concern for chiddige. But even this relatively strong
case has been challenged as an example of ostatgenperfecta, or more mysterious
“temporary brittle bone disease.” The most comnama most difficult case to evaluate
is that of a child with a single fracture of a ldmgne, and a minor trauma history. If such
a situation can be mastered, other circumstandébeveasily overcome by the same
methods.

Epidemiology, as we will use the term here, includes bothsiadil observations
formulated from the observation of large populaticand individual observations that are
instructive. An epidemiological consideration dfacture may offer a probabilistic
answer, rather than a firm conclusion. For ingtafemur fractures in infants have been
the subject of significant research. Frequenciedase have varied widely, from 30%
to 80% but are all high. If the group is defingdifrdependent ambulation, rather than
age, it appears as close to 50% of femur fraciarasn-walking children, are due to
abuse. Knowing nothing else, if you are approachi#it a seven month old suffering
femur fracture, you would then opine that thera sgnificant likelihood of abuse,
approaching the preponderance of the evidencemadl sase series of femur fractures
sustained when non-ambulatory infants were platoogvigorously in exersaucers has
been published. The fractures were buckle or ingabirtansverse fractures of the distal-
posterio-medial metaphysis. Similar fractures Hasen described following short falls
off of a bed, but this fracture has also occurredases of abuse. With this in mind, if
the case before you now had an accompanying Xsreyying this form of fracture, your
assessment would have to change. You would needléat that while all femur
fractures taken together have a strong associafithnabuse, this particular fracture has a
history of occurring following relatively minor wana, some of which might not appear
traumatic at all to an adult observer. Let's say pow had the opportunity to take a
history from the parents, and they absolutely daigy trauma. They insist that they put
their baby to bed well on the prior day, and fotimel baby upset, and unable to bear
weight the next morning. The absence of explagdtmtory, and development of
symptoms in a protected environment again raisegtlestion of abuse, because it
suggests that the parents are hiding somethingth©ather hand, our experience with
this fracture morphology indicates that what they/l@ding may not be serious injury.
Might they have taken a crying baby from an exezsaand put him to bed in

frustration. Might someone have dropped the baiolytee afraid to admit it to the other
parent or a system that could judge them. Ortaeg hiding a willful violent act that
injured their baby? A well considered opinion webnked to consider all possibilities.
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Several fractures have been noted to be assowsdtedbuse. As mentioned before,
femur fracture has been frequently studied. Inamtulatory children it had been found
to be abusive about 50% of the time. Humeral tnaxt are also fairly well studied.
Supracondylar fractures are a fairly common acdalenjury in the broader age ranges
these studies included, but in children under 18t non-supracondylar humeral
fractures were significantly associated with abusk humeral fractures, taken together,
are found to be abusive about one third of the. tilieideotaped exception occurred
when a three year old rolled her infant siblingrira prone position, with the arms in a
forward prop, over to the infant’s back. This maotresulted in a spiral fracture of the
humeral mid shaft. Several studies of infant rdcfures have yielded a convergent
result, 80% association with abuse. The remai@b#g sustained their fracture during a
motor vehicle crash, when an adult fell while hotglthe infant, during an uncommon
birthing injury, or due to an underlying bone dd@r. The classic metaphyseal lesion
(CML) is the proper name for a fracture of the rpbiseal-physeal junction giving the
corner chip or bucket handle appearance. Thiseisddiological finding most suggestive
of abuse. Despite this there are no epidemiolbgicaies. There are a few published
exceptions. Children have sustained similar appgadesions during cephalic version for
breech presentation, and during serial castingltdr-foot deformity. One study
reported similar lesions in children with osteogge@émperfecta, but only when their
disease was advanced and radiologically obviousinfportant caveat is that a child can
both have an underlying medical condition and hesad.

Fracture Population Abuse Published Exceptions
Likelihood
Femur Non-ambulatory 50% Exersaucer and short fall
infants fracture of the distal
metaphysis
Humerus (not | Children under 18 | 30% Child rolled over from prone
supracondylar) months by someone
Rib Infants under 12 80% Motor vehicle crash
months Osteogenesis imperfecta
Fall in the arms of a falling
parent
Birth fracture
Classic Infants under 12 Near Serial casting for club-foot
Metaphyseal | months pathognomonic| External version for breech
Lesion ? others ? Radiologically apparent Ol

Additional fractures that have been reported asaated with abuse have not been
studied much but should be known. Sternal frastuseapular fractures, and fractures of
the spinous process of the vertebra are believed girong indicators of abuse.
Fractures of the small bones of the hands andrfeefants, and fractures of the distal or
medial clavicle, rather than the common mid-claldacdracture, are felt to be concerning
for abuse as well.
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Biomechanics may be useful in assessing a given history, thabighmust be done with
care and humility. Transverse and some obliqueidras absorb the most energy.
Energy absorption increases as fractures go framplsiplastic deformity, to greenstick,
to complete, to displaced, to comminuted. As saatgpmpletely displaced transverse
fracture is a very high energy fracture, whereameomplete, non-displaced spiral
fracture may occur with a lower energy event. Has been shown in the lab, and
through clinical correlation. Clinically this meathat “high energy” fractures call for a
history where the child fell further, or was movifagter, prior to any impact.
Unfortunately, there are no numerical energy thotshthat are clinically useful, so it
remains speculative to determine which events gesseough energy to cause which
fractures. Still, the general concept will helpmp@ut where the CHAMP physician
should raise suspicion, and where caution is advi§gansverse and shallow oblique
fractures occur from blows and bending, while lobgque and particularly spiral
fractures indicate torsion or twisting of the boreis not always possible to identify the
presence or absence of twisting or bending in@tyisbut apparently inconsistent
mechanics will form a basis to increase suspiciompacted fractures, such as buckling,
indicate forces directed axially up or down the édogain the possible presence of such
forces must be identified in the given history aodrelated with the clinical fracture.

While we are evaluating the history, some studaseHooked at histories more in depth.
The absence of a history of any trauma is alwag@naern for abuse, when a child is

very young. As the child becomes more independedtmobile, historical absence
begins to lose its specificity for abuse, thougbleet remains as something to be
considered. Some authors have looked at the coemgies of a reported observed event.
The child’s initial condition, the nature of a fadind their landing posture were requested.
As historians were less able to provide all thrempgonents, the likelihood of abuse
increased.

Differential diagnosis must be carefully considered in these cases.

1. The occurrence of brittle bones from any cabseparticularly from osteogenesis
imperfecta, must be excluded. Until recently, #@swecommended that a good clinical
assessment, with an open mind, was enough to exolstéogenesis imperfecta in a child
abuse case. Recently this recommendation wasrkviSome authors are
recommending that when an abuse case rests exalusiv fracture following limited
trauma, screening tests for Ol will identify a vemall number of cases in which Ol is
mistaken for child abuse. While rickets, premayuiand chronic medical illnesses have
not received as much scrutiny, clinical assessna@stmpanied by a low threshold for
progressing to laboratory assessment, remainddhdard.

2. Another cause for confusion is radiologicaliamats. Variations of the acromion
process, pelvis, and metaphyses of the long bomes lbeen mistaken for fractures.
These concerns can be evaluated by comparing atrelpaletal x-ray survey to acute
films for evidence of healing. Perhaps the mostimon source of confusion is
physiologic sub-periosteal new bone formation. sMariant looks like a healing
response to skeletal injury, though no fracturgeisn. It is common in infants under six
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months of age. It is usually symmetrical, but rhayasymmetric. Pediatric radiologists
are very familiar with this entity, though generadliologists may not be.

A high energy fracture or a fracture with high mknce of abuse, such as rib or CML,
and an absent or clearly inconsistent history eqadte basis to diagnose abuse, so long
as additional non-skeletal injuries are presenQIldnad been clinically excluded. When
a fracture is a lower energy type and less epidegiically associated with abuse, trauma
is reported, but its consistency is uncertain, abbuay be suspected but not ultimately
diagnosed. Still the CHAMP physician may be abl&y out the likelihood of abuse,

and describe what abusive or accidental acts waellekpected.

E. Diagnostic and Treatment Plan:

We have talked about making a diagnosis of abuaa ataluation. Often, however, we
must offer an opinion on the likelihood of abuséjle/further evaluation is still pending.
This is a particularly common situation in suspiusdractures. If the history is
inconsistent, the epidemiology suggests likely abasd there are no clinical signs of
osteogenesis imperfecta, the CHAMP physician vkélly make a preliminary diagnosis
of abuse, though a genetics consult or skin bigpsgy is pending. This should be
explained clearly to consulting agencies. All ntadidiagnoses are subject to revision.
In two weeks a repeat skeletal survey may remdwdoabt about abuse, or identify a
suspected fracture as a normal variant. An ostexgie imperfecta evaluation may take
weeks to arrange, and more than 6 months to retyimen these tests are complete, the
diagnosis may change, but until that time the csilduld be treated as if abuse is the
case, not as if the answer is unknown. In mangaites where abuse is probable albeit
not definite, the need to protect the child shdaddseriously considered. If future
evidence changes the initial evaluation findings, intervention should be modified.

Treatment of the fracture will require working wih orthopedic surgeon. Cultivating
this relationship may be particularly importantrtt@pedists are quite often dismissive
of abuse concerns. They forget their referral,kaasl see injuries as common, when in
fact they are not. Because of their great expeéeeamith skeletal injury, their opinion
may seem to have greater weight than that of thaMIPI physician. Working in
partnership is the best resolution of this situati©@ompeting for influence over the child
protection system may be necessary in some cases, d poor substitute for true
partnership.

F. Conclusion:

The consideration of fractures is often complexs idjuries occur within the body, they
become less intuitively obvious to both physiciand the protection systems that we
must enlist in treating our patients. This chap&s only scratched the surface. Further
and continued study of the literature, and perserpérience will reward the CHAMP
physician with a greater sense of certainty.
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